reported facilitation in a cross-modal lexical-decision task as evidence that implicit objects of verbs (WH-traces) are reinstated during comprehension. G. found the same priming effects in the absence of implicit objects, suggesting that the effects are attributable to some factor other than a syntactic process that would fill in implicit objects. J. L. Nicol, J. D. Fodor, and D. Swinney (1994) questioned the relevance of McKoon and Ratcliff's findings because they were obtained with all-visual rather than cross-modal presentation. In 2 experiments, the authors replicated McKoon and Rateliff's results using cross-modal lexical decision.
understood, a listener must realize that the thing being thrown is the apple mentioned earlier in the main clause of the sentence. Nicol and Swinney presented sentences such as this to participants auditorily, and then tested lexical decision using visual presentation for either a word that was related to the implicit referent (fruit for the referent apple in this example) or was unrelated (bench). They found that related words produced faster lexical-decision responses than unrelated words when they were tested immediately following the verb of the that clause, but not when they were tested before the verb.
They interpreted this result as evidence that the presence of a syntactic gap, or trace, following the verb of the that clause caused the implicit referent (apple) to be reinstated during comprehension, leading to facilitation on lexieal-decision responses to words related to the referent.
McKoon and , using a subset of the materials from Nicol and Swinney's (1989) study, produced the same Gail McKoon and Roger Ratcliff, Department of Psychology, Northwestern University; David Allbritton, Department of Psychology, University of Pittsburgh.
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pattern of results without the presence of syntactic gaps. For example, for McKoon and Ratcliff's study, the sentence above was altered to read the baby in the carriage threw the apple. Again, fru/t was responded to more quickly than bench following the verb threw, but not before the verb. Because there were no syntactic gaps in their versions of the sentences, McKoon and Ratcliff argued that the result must be due to differences in how well the related test words fit into the previous sentence context compared with the control words, with semantic, pragmatic, and syntactic factors all being involved in determining how well they fit. This finding was argued to undermine Nicol and Swinney's interpretation of their results as evidence for syntactic gap filling. Nicol, Fodor, and Swinney (1994) claimed in response that results were not relevant to the interpretation of Nicol and Swinney's (1989) data because McKoon and Ratcliff had used visual presentation for both the sentences and the lexical-decision items. The unimodal presentation, they claimed, presented participants with a task that encouraged integration of the test words with the preceding sentence context, in a way that the cross-modal procedure does not.
We report here two experiments using cross-modal lexical decision that replicate the effect obtained by . These results provide further evidence that processes other than gap filling could be responsible for the results of the previous studies. Both experiments used the same set of materials as that used by , with only slight alterations to make them suitable for cross-modal presentation.
In their empirical work, Nicol et al. (1994; also Nicol & Swinney, 1989) have assumed that their related and unrelated test words were equated in respects relevant to the experiments, except that the related word was related to the gap filler for its sentence and the unrelated word was not. Under this assumption, response times for the related word tested after the verb would be expected to be faster than response times for the unrelated word tested after the verb. This is the finding that they typically report. An alternative assumption is that the related and unrelated test words were not equated; one of the two might have faster or slower response times than the other independent of their relation to the gap filler. In this case, Nicol et al. would predict only that response times to the related test word would speed up from the test position before the verb to the test position after the verb relative to response times to the unrelated test word. Response times to the related test word would not necessarily he faster at the postverh position than response times to the unrelated test word. With the two experiments described here, we tested both cases. In Experiment 1, we included test positions both before and after the verb, looking for an interaction between test word and test position. In Experiment 2, we tested only after the verb, looking for response times to related test words to be faster than response times to unrelated test words.
Method

Participants
Sixteen Northwestern University undergraduates participated in Experiment 1 and 14 participated in Experiment 2 as a course requirement for an introductory psychology class.
Materials
Thirty-six sentences were used as stimuli in the experiments, along with two test words for each sentence (see the Appendix for a complete list of materials). The sentences were only slightly changed from those used by . McKoon and Ratcliff had selected a subset of the 48 sentences used by Nicol and Swinney (1989) and modified them to eliminate the presence of implicit anaphors, or gaps, by making a complete sentence from the subordinate that clause of each original sentence. The original sentence the old man picked up the apple that the baby in the carriage threw in the gutter from Nicol and Swinney's study became the baby in the carriage threw the apple. For the two experiments reported here, it was necessary to insert one or more filler words between the verb and the following noun for each sentence to prevent participants from hearing the noun before they had responded to the lexical-decision test word, which was an associate of the noun. For example, the sentence above was changed to the baby in the carriage threw the expensive apple. The same related and unrelated test words used by Nicol and Swinney and by McKoon and Ratcliff (fru/t and bench for this example) were used in these experiments. The mean length of the experimental sentences was approximately nine words.
The sentences were recorded by a male speaker at a normal speaking rate (approximately 390 ms per word, including pauses between words). The sentences were digitized at a sampling rate of 8012 Hz, and a waveform editor was then used to find the location of (a) the offset of the word preceding the main verb, (b) the offset of the main verb, and (c) the onset of the head noun of the noun phrase following the verb for each sentence. The offset of the word preceding the main verb served as the preverb test position for the lexicaldecision test, and the offset of the main verb served as the postverb position. The mean intervening time between the offset of the verb and the onset of the following noun was 1,100 ms, with a range of 770-1,550 ms. This interval allowed sufficient time for participants to respond to the test word in the postverb position before hearing the noun.
Forty-eight filler sentences were also created for the experiments, 16 of which had a word as the lexical-decision test item and 32 of which had a nonword test item. The mean length of the filler sentences was approximately 14 words. The speaking rate at which they were recorded was slightly faster (300 ms per word) than for the experimental sentences. The test position for the iexical-decision items for the fillers ranged from immediately following the first word to following the last word of the sentence.
True-false verification sentences were also created for Experiment 2. One of the practice sentences and one of the three fillers presented at the beginning of the experimental session had a verification sentence, as did 32 of the 36 experimental sentences. The verification sentences were easy tests of comprehension. For example, the baby threw a peach would be obviously false with respect to the sentence given above.
Procedure
The sentences were presented auditorily over headphones, with one sentence presented every 11 s. Lexical-decision test items were presented visually on the monochrome screen of an IBM PCcompatible computer, and participants pressed a key on the PC keyboard to indicate whether the test item was a word (?/key) or a nonword (Z key). Three of the 48 filler sentences served as practice items, and 3 additional filler sentences began the experimental session. The remaining 36 filler sentences and the 36 experimental sentences were presented in random order.
There were slight differences in procedure between the two experiments because we wanted to determine whether different procedural variations reduced variance in the lexical-decision response times. As it turned out, there were no noticeably large differences in the results. Error feedback was given in Experiment 2, hut not in Experiment 1. In Experiment 2, there was an additional initial practice session in which participants performed only lexical-decision judgments for 14 words and 14 nonwords. For Experiment 1, following one of the practice sentences and 12 randomly selected sentences in the experimental session, the words PARAPHRASE THE SENTENCE YOU JUST HEARD appeared on the screen for 17 s following the end of the sentence. On these trials, participants were given 25 s to write down a paraphrase of the sentence. The experiment then proceeded with the presentation of the next sentence and test item. In Experiment 2, verification sentences were used in place of the paraphrase task. Following two of the filler and 32 of the experimental sentences, a test sentence was presented for verification. The instructions TRUE (?/) OR FALSE (Z) appeared on the screen for 1 s, and then the verification sentence was presented two lines further down. The instructions and verification sentence remained on the screen for 4 s or until the participant pressed a key. The screen was then cleared, and if the response was incorrect or no response had been made within the 4 s, the word ERROR appeared on the screen for 1,100 ms. Participants were instructed to answer the verification sentences as quickly as possible and to base their answer on the content of the immediately preceding sentence that they had heard.
Participants in the experiments were told that they would be doing two concurrent tasks: comprehending sentences that they heard over the headphones and making word-nonword judgments for test items that appeared on the screen. They were instructed to be as fast and accurate as possible on their lexical-decision judgments. At the onset of each sentence, a row of plus signs was displayed on the computer screen to indicate where the lexical-decision test item would appear. At a designated point during the presentation of the sentence, the lexical-decision test item replaced the plus signs on the screen, and participants were given up to 2,500 ms to respond. The test item remained on the screen until the participant responded, or until 2,500 ms had elapsed, and then the screen was cleared. In Experiment 1, no error feedback was given, but in Experiment 2 the word ERROR appeared on the screen for 1,100 ms following an incorrect response or if no response was made within 2,500 ms.
Design
There were four conditions in Experiment 1: A test word was presented either immediately before the verb or immediately after the verb, and the test word was either the related or unrelated test word from Nicoi and Swinney's (1989) experiments. The four conditions were crossed with groups of participants (4 per group) and sets of sentences (nine per set) in a Latin-square design. A different random ordering of the sentences was used for every 4 participants.
In Experiment 2, the test word was always presented after the verb, and there were only two conditions, with the test wgrd being either the related or unrelated test word from Nieol and Swirmey's (1989) experiments. The two conditions were crossed with groups of participants (7 per group) and sets of sentences (18 per set) in a Latin-square design, and a different random ordering of sentences was used for every 3 or 4 participants.
Results
Mean response times for correct responses on the lexicaldecision items were calculated for each condition for each participant (F0 and item (F2) and entered into separate analyses of variance, with counterbalancing assignment ineluded as a variable. Response times greater than 1,300 ms (less than 4% of the observations) were discarded. All reported F values are reliable at the p = .05 level unless otherwise noted. Mean response time for correct filler test words in Experiment i was 723 ms (2% errors) and 820 ms (5% errors) for correct filler nonwords. In Experiment 2, mean response time for correct filler words was 745 ms (2% errors) and for correct filler nonwords, it was 860 ms (6% errors). The error rates for the verification sentences in Experiment 2 (including timeouts) were 9% for the true and 11% for the false items.
In Experiment 1, the interaction of test word and test position was reliable, FI(1, 12) = 6.26, MSE = 1,818; F2(1, 32) = 5.11, MSE = 8,070. The mean response times for the related test words were 712 ms (6% errors) before the verb and 657 ms (2% errors) after the verb, a speedup of 56 ms--significant by planned test, FI(1, 12) = 13.81; F2(1, 32) = 7.00---whereas there was no speedup for the unrelated test words, 684 ms (5% errors) before the verb and 685 ms (6% errors) after the verb. This replicated the pattern of results found by McKoon and Rateliff (1994) using visual presentation. The difference at the test position following the verb between related and unrelated test words was not significant in Experiment 1 (Fs < 3.50), but in Experiment 2, with more power, it was. In Experiment 2, lexicaldecision responses were faster for the related test words, 706 ms (1% errors), than for the unrelated test words, 743 ms (5% errors), FI(1, 12) = 13.79, MSE = 606; F2(1, 34) = 5.63, MSE = 4,958.
Discussion
Contrary to Nicol et al.'s (1994) claims, we found no evidence that participants are less likely to be influenced by the contextual plausibility of a lexical-decision probe word with a cross-modal task than with all-visual presentation. Experiment 1 demonstrated exactly the same pattern of results with cross-modal presentation as had been found by with all-visual presentation. Even though there was no implicit anaphor following the verb, there was an interaction of test position and test word such that there was a speedup for the related test words at the postverb test position compared to the preverb position, but there was no speedup for unrelated test words. Experiment 2, in which we tested only at the postverb position, replicated the finding of faster responses for related than unrelated test words at the postverb test position, again without the presence of a syntactic gap at that location. The finding of the same pattern of results with both cross-modal and visual-only presentation suggests that the processes engaged by the two tasks may be quite similar, and that researchers may be able to use both techniques to investigate on-line sentence processing, rather than rely exclusively on the cross-modal technique.
These results call into question the interpretation of facilitated lexical-decision responses as evidence for the reactivation of the referent of an implicit anaphor. Although there may be other paradigms and data that impficate gap filling in sentence processing, our results point to the possible importance of semantic and pragmatic factors. The facih'tation might be profitably viewed in terms of memory-based processes (McKoon, Gerrig, & Greene, 1996; McKoon & Ratcliff, 1992; McKoon, Ratcliff, & Ward, 1994) , processes which use information in short-term memory to evoke other information of all kinds in long-term memory by means of a compound-cue retrieval mechanism (Ratcliff & McKoon, 1988 . With a compound-cue mechanism, each word of a text could interact with the preceding context, combining with that context to access long-term memory. ,Against the background of long-term memory knowledge, some combinations of concepts may fit well together, such as babies throwing fruit, and other combinations may fit together less well, such as babies throwing benches. We believe that determining exactly what factors contnqaute to goodhess of fit ranks high on the list of important issues for future psycholinguistic research.
Sentence
Related/unrelated test word
The crowd at the party accused the overweight boy. The baby in the carriage threw the expensive apple. The maid at the inn poured the customer a drink. The horse at our place kicked the big brown truck. The nun at our store picked the very last rose. The clown at the show caught the inexperienced thief. The bird at the zoo dropped the big piece of bread. The chef at the club lost the president's favorite ring. The kids from the suburbs threw the heavy red brick. The waves from the storm washed the fast-moving fish. The actor from the studio needed the newly purchased cloak. The hounds in the field chased the frightened young deer. The trees on the hill blocked the newly built house. The nurse at the school saw the long green snake. The waiter in white pants had poured the last of the wine. The prisoner near the fence stole the ugly old shirt. The prince on the horse tore the expensive suit. The addict from the city sold the old beat-up car. The guide from the tour left the silly looking box. The wife of the mayor heard the popular new song. The supervisor at the factory fired the unreliable old woman. The captain of the team injured a recently healed leg. The tiger from the zoo had bitten the careless foreign tourist. The customer at the table had spilled the whole glass of milk. The ice in the street had caused the spectacular accident. The lawyer in Germany had sent the expensive antique pipe. The millionaire from Hollywood had hired the well-respected merchant. The monkey in the cage watched the lively entertaining rats. The storm from the west had ripped the uppermost branches. The professor at Yale had recommended the recently released book. The mayor on the grandstand had planned the big New Years day parade. The campers near the mountain brought the much needed food. The secretary in our department wrote the long incoherent letter. The pilots on a test run spotted the dazed and injured hiker. The reporter from the country condemned the ruthless dishonest wrestler. The water from the road splashed the world4amoas athlete. 
